patients received autologous hematopoietic cell transplants (AHCT) at Canada's largest transplant center. In this retrospective cohort study of AHCT patients admitted to the intensive care unit (ICU), we describe the outcomes following ICU admission and the variables measured in the first 24 h of ICU admission associated with overall ICU mortality. Results indicate a 3.3% ICU admission rate (n ¼ 34) with 13 deaths (1% overall mortality rate, 38% in ICU mortality rate). The worst outcome was in AL amyloid patients of whom 28% were admitted to the ICU, with an ICU mortality rate of 55%. The Sequential Organ Failure Assessment (SOFA) score and Acute Physiology and Chronic Health Evaluation (APACHE II) score in the first 24 h were statistically associated with mortality by univariate analysis. Other variables measured at 24 h and associated with ICU mortality included multiorgan failure, mechanical ventilation, inotropic support 44 h and Gram-negative sepsis. Our data indicate that ICU admission in the autotransplant population is rare and that it is influenced by underlying diagnosis, with AL amyloid patients having the highest risk. Our observations may assist clinical decision-making regarding the continuation of intensive care delivered 24 h after ICU admission.
Introduction
Allogeneic or autologous hematopoietic SCT (HSCT) is effective treatment for patients with a variety of hematological and other malignancies. Much of the published critical care literature related to HSCT is focused on outcomes after allotransplants because of an increased risk of mortality compared with autotransplants, 1 due to complications including GVHD, veno-occlusive disease and infection from long-term immunosuppression. 2 Not surprisingly, older studies that included patients receiving either allogeneic or autologous transplants emphasized an overall poor ICU outcome for marrow transplant recipients. [3] [4] [5] [6] [7] These studies, however, cannot be extrapolated to autologous transplant recipients as the latter are not at risk for many of the life-threatening complications.
Autologous hematopoietic cell transplants (AHCT) represent approximately 70% of all HSCTs. 8 Despite the increased tolerability of an autologous compared with an allogeneic HSCT, ICU admission may represent a significant adverse event, although only a small body of literature exists to help guide clinicians as to which patients benefit from intensive care. [9] [10] [11] [12] [13] In this study, we describe the outcome of AHCT recipients transferred to the ICU and identify factors associated with mortality.
Materials and methods
A retrospective medical record review was conducted of all AHCT recipients from Princess Margaret Hospital (PMH) who required intensive care support within 100 days post transplant between January 2001 and July 2006. Indications for AHCT included multiple myeloma, nonHodgkin's lymphoma, Hodgkin's lymphoma, AL amyloidosis, AML, T-cell lymphoma, testicular malignancies, Waldenstrom's macroglobulinemia and POEMS. Intensive therapy regimens consisted of melphalan (140-180 mg/m 2 i.v.) and etoposide (60 mg/kg i.v.) with or without single dose (500 cGy at 50 cGy/min) or fractionated (1200 cGy in 6) TBI for hematological malignancies, except for multiple myeloma and amyloidosis, which were treated with melphalan 140 mg/m 2 i.v. All patients undergoing AHCT had full resuscitative directives.
The study was approved by the institutional review boards at the University Health Network and Mount Sinai Hospital. Patients requiring intensive care support were transferred to the Mount Sinai Hospital ICU, the adjoining teaching hospital to PMH. The Mount Sinai Hospital ICU is managed by critical care staff, fellows, and internal medicine house staff and maintained a registered list of autotransplant patients transferred to the unit during the study period.
Demographic and biochemical data collected before patient transfer included: age, gender, disease entity, conditioning regimen, number of CD4 cells infused, transplant date, infection history before transfer, and blood work focusing on hematopoietic (hemoglobin, neutrophil count, platelet count), renal and hepatic indices. Similar data were collected from the Mount Sinai Hospital ICU records, including primary-admitting diagnosis, cumulative length of stay, date of death or discharge, need for mechanical ventilation (MV) or inotropic support within the first 24 h of arrival at the ICU, duration of MV and infections cultured during admission. Vital signs included mean arterial pressure, respiratory rate and temperature (if axillary temperature was recorded, 1 1C was added to the value). The worst hematopoietic, renal and liver parameters during the first 24 h were obtained from patient records, allowing for the calculation of the Sequential Organ Failure Assessment (SOFA) score 14 and the Acute Physiology and Chronic Health Evaluation (APACHE II) score. 15 Patients who required several admissions to the ICU had data included only from their first admission for statistical analysis. Cause of death was documented by the chief cause of death on each patient's death certificate.
Organ failure during the first 24 h of ICU admission was documented if patients had one or more of the following: respiratory failure, defined as hypoxemia (paO 2 o50 mm Hg) or hypercapnea (pCO 2 450 mm Hg), or the need for MV (endotracheal intubation of 424 h duration with positive pressure ventilation); cardiovascular failure, defined as a malignant arrhythmia requiring direct current cardioversion, or need for vasopressor support (dopamine, norepinephrine, epinephrine) for 44 h during the initial 24 h of admission; renal failure, defined as a 50% increase in creatinine level over baseline, an acute rise to 4177 mmol/l or the need for acute hemodialysis; liver failure if serum bilirubin 468 mmol/l; and neurologic failure defined as patients with a decreased level of awareness or Glasgow Coma Scale o8. Sepsis was defined as a patient with documented systemic inflammatory response syndrome with a documented infection. Febrile neutropenia was defined as an ANC o0.5 with a temperature 438.5 1C.
Patients discharged from the ICU to a hospital ward at PMH were considered survivors. Prognostic factors related to in-hospital mortality were studied in the complete cohort.
Statistical methods
Descriptive data are presented as percentages, as means ± s.d. for normally distributed variables or as medians with their corresponding interquartile ranges (IQR) for non-normally distributed variables. Univariable logistic regression was used to identify associations between continuous variables and mortality in AHCT recipients transferred to the ICU, whereas Fisher's exact test was used for categorical variables. Because of the small sample size, exact logistic regression was performed to determine whether underlying diagnosis, inotropic support, and respiratory failure were associated with mortality. All statistical tests were two-tailed and considered statistically significant at a o0.05. The SAS System for Windows version 9.1 (SAS Institute Inc., Cary, NC, USA) was used for all analyses.
Results
Of the 1013 patients who received autotransplants between January 2001 and July 2006, 34 (3.3%) required ICU admission within 100 days of hematopoietic cell infusion. Median age at admission was 57.0 years (interquartile/IQR 52.0, 62.0; range 28-71), and 53% were female. Indications for AHCT included multiple myeloma (61%), non-Hodgkin's lymphoma (19.6%), Hodgkin's lymphoma (11.1%), AL amyloidosis (3.8%), AML (1.7%), and other malignancies (T-cell angioimmunoblastic lymphoma, germ cell tumors, Waldenstrom's macroglobulinemia). Table 1 indicates the percentage of patients with each diagnosis who required ICU care, along with their respective mortality rates. AL amyloidosis had the highest frequency of admission to the ICU and the worst outcome. Table 2 ). Median ICU length of stay was 4.0 days (IQR 2.0, 14.0; range 1-37 days), with a longer length of stay for non-survivors.
Reasons for admission to the ICU were often multifactorial, reflecting the potential complications inherent with AHCT. The primary reason for admission as documented in patient charts was systemic inflammatory Table 1 Percentage admission rate to intensive care unit (ICU) by diagnosis (N ¼ 1013)
In ICU non-survivors (n ¼ 13)
In ICU mortality as per diagnosis (%) response syndrome/sepsis in 32% (n ¼ 11), followed by respiratory failure in 29% (n ¼ 10), and cardiovascular failure in 26% (n ¼ 9). Two patients were admitted with upper gastrointestinal hemorrhage. Two patients were admitted for decreased level of consciousness during autograft infusion. The majority of patients with sepsis also developed respiratory failure. Nine of the patients admitted with sepsis required intubation because of secondary hypoxia or acute respiratory distress syndrome. Reasons for respiratory deterioration requiring urgent intubation during admission included pulmonary edema (n ¼ 5), acute respiratory distress syndrome without documented infection (n ¼ 3) and peri-engraftment pneumonitis (n ¼ 2). Of the nine patients admitted for cardiac-related events, four had pulseless electrical activity (two of which were post-stem cell infusion), three developed unstable arrhythmias and two patients developed hypotension related to autograft infusion requiring vasopressor support. In the first 24 h after admission, 20 patients including 11 non-survivors met the study criteria for respiratory failure, all of whom required 424 h of MV, with a median duration of 3.0 days (IQR 1.0, 11.0; range 1-33 days). The rate of requirement for MV in the whole AHCT population was 2%.
Thirteen of the 34 patients died in the ICU (38% of admissions) with 11 dying from multiorgan system failure, including 9 with concurrent infection. Infections cultured included Escherichia coli bacteremia (3 patients), Candidemia (2 patients), C. difficile (1 patient), Klebsiella (1 patient), Pseudomonal pneumonia (1 patient), and Acinetobacter (1 patient). Other causes of mortality included one multiple myeloma patient dying from a prolonged upper gastrointestinal hemorrhage, and an AL amyloid patient suffering from gross anasarca and intraalveolar hemorrhage.
In addition to a 3.3% admission rate to the ICU, with a 38% in ICU mortality rate, four patients died on the hospital ward before ICU transfer. These deaths were all secondary to sudden cardiac arrest, which consequently raises the overall in-hospital AHCT mortality rate to 1.7%. Of the 21 survivors who returned to the hospital ward, only one was sent to palliative care (death occurred at day 28 post-discharge), and a second patient died at home on day 33 post-AHCT of unknown causes, resulting in an overall 100 days post-AHCT mortality rate of 1.9%. The mean duration of survival in the survival cohort was 28.8 months (range 28 days to 6 years) post-ICU admission.
Analysis of factors present at 24 h associated with mortality is shown in Table 3 . Factors that were associated with mortality included the presence of greater than two organ failure (85% of non-survivors), MV (85% of nonsurvivors), inotrope dependence (54%) and Gram-negative infection (42%). SOFA and APACHE II scores (calculated among 28 patients), with higher scores reflecting greater degrees of organ dysfunction, were also significantly associated with mortality. Furthermore, patients admitted to the ICU with febrile neutropenia were less likely to die. Of the 15 patients with documented febrile neutropenia during the first 24 h of admission, 13 patients (62% of survivors) survived versus 2 (15% of survivors) that died. Because of the small sample size, underlying diagnosis, MV, and inotropic support were not associated with mortality using exact logistic regression.
Additional factors not associated with increased mortality included patient age, number of stem cells infused and time post-AHCT. Biochemical values not associated with mortality included serum lactate, hepatic indices including bilirubin and evidence of renal organ failure. Patients on hemodialysis before AHCT did not have a significantly higher incidence of death; two non-survivors and three survivors were dialysis-dependent pre-transplant.
Discussion
This study reviewed 34 autotransplant recipients requiring ICU care among a total of 1013 transplants during a 5.5-year period. The admission rate of 3.3% is lower than previous reports that range from 21-44%, [3] [4] [5] [6] and even lower if the literature is restricted to the past 10 years, with AHCT admission rates of 8.6-14.6%. [11] [12] [13] The ICU mortality rate was 38%, representing 1% of all AHCT patients. Patients with AL amyloidosis had the worst outcome, and univariable logistic regression showed that, within the first 24 h, severity of illness scores, 42 organ failures, need for MV or inotropes, and Gram-negative sepsis were associated with increased in-ICU mortality. Recent literature highlights a trend toward lower admission rates for AHCT patients to the ICU. 16 Specifically, Khassawneh et al., 9 in the largest study examining a single homogeneous AHCT cohort, focused on the number of patients requiring MV for supportive care during their transplant period. This study quotes a 6% rate of MV in 1301 patients, compared with 2% in our study.
Several reasons help explain the lower admission rate identified in our study. Patients may be more carefully selected for their suitability for a transplant. One may also expect some patients to decline or not to be offered ICU transfer depending on disease severity; however, all patients maintained a full resuscitative status throughout their admission at PMH, with one eventually being transferred to palliative care following an ICU admission. Critical care goal-directed strategies on the transplant ward have evolved and improved, thereby minimizing the need for ICU transfer. Perhaps the most important explanations for the reduced ICU admission rate are those that minimize the risks of a suppressed bone marrow. These include improved antibiotic and antifungal prophylaxis practices and faster engraftment periods with the use of mobilized peripheral blood progenitor cells rather than those obtained from the bone marrow, 17, 18 all of which protect against transplantrelated complications with faster reconstitution of the bone marrow.
Our study highlights the importance of the underlying diagnosis in rates of ICU admission and mortality. Thirtynine patients with AL amyloidosis received AHCT in the studied period, with 11 (28%) requiring ICU admission and 6 (15.4% of the overall AL amyloidosis cohort) eventually dying. This is consistent with earlier studies that quote treatment-related mortality rates of 13-23%. [19] [20] [21] [22] This is also not unexpected in patients with AL amyloidosis in whom cardiac and respiratory instability are more common. Over half (54%) of the AL amyloid patients in this study were admitted to the ICU with respiratory or cardiac failure, with most patients eventually dying from multisystem organ failure because of sepsis.
We report an association with the need for MV and ICU mortality (11 of 13 non-survivors required MV). Numerous studies highlight the decreased survivorship of mechanically ventilated patients post-HSCT. However, these primarily represented a large allogeneic population. 1, 3, 4, 6, 13 In this study, 45% of patients requiring MV for 424 h survived to ICU discharge. This is comparable with reports for autologous transplant recipient subsets at 30-37%. 1, 11 Khassawneh et al. 9 provided the largest study of mechanically ventilated patients after AHCT, with an in-hospital survival of 26%. This improved trend to survivorship among ventilated AHCT patients may be explained by improved critical care and early goal-directed therapy, 23, 24 improved MV techniques and increased use of non-invasive ventilation strategies. 25 It is not surprising that increased degrees of organ failure result in higher mortality rates.
3,6,9,13 Khassawneh's study revealed a 32% survival rate for mechanically ventilated patients without evidence of organ failure compared with a 6% in-hospital survival rate if patients had lung injury and vasopressor use, or evidence of hepatorenal failure. 9 In this study, the APACHE II and SOFA scores both showed significant differences between survivors and non-survivors. Inotropic dependence within 24 h was also statistically significant with increased mortality (7 of 10 patients died), a correlation that has been cited in earlier studies. 6, 12, 13, 21 Inotropic support was required for all patients suffering from Gram-negative infection, a variable that was also independently associated with death. The observation of increased mortality associated with Gram-negative bacterial infection is consistent with other observational HSCT series; however, the study populations consisted predominantly of allogeneic recipients. [26] [27] Unlike earlier studies, patients admitted to the ICU with febrile neutropenia had a statistically significant survival benefit, a finding not reported earlier in the literature. This is likely to be related to aggressive antibiotic use, growth factor support and rapid engraftment post-AHCT, all of which may improve survival from infection and its secondary complications. This suggests that the aggressive management of febrile neutropenia in the context of AHCT is warranted.
Given the retrospective nature of this study, several confounding factors should be taken into consideration. For example, patients may have been aggressively resuscitated before ICU transfer, making their 24-h blood parameters less reflective of clinical severity. Furthermore, there are no predefined criteria guiding which patients are transferred to the ICU, and so the population may not be entirely homogeneous. Patients refusing ICU transfer were not an issue, as each patient was of full resuscitative status before transfer.
In conclusion, we observed a low frequency of transfer of the AHCT recipients to the ICU. Mortality in the ICU can be predicted in the first 24 h by specific assessment scores Table 3 Variables associated with mortality at 24 h after admission 
